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Editorial on the Research Topic 


New insights in nanotechnology for plant stress management


Agriculture on our planet faces many challenges due to environmental stresses (biotic and abiotic), limiting plant growth and causing yield loss, thus inciting food crises across the world (Fisher et al., 2018). To attain sustainable agricultural production and ensure food safety, there is a demand to elevate the stress forbearance in plants. In recent years, nanotechnology has emerged as a viable platform in the era of agriculture, attracting the interest of researchers from a variety of disciplines, for resolving challenges associated with biotic and abiotic stresses to assure agricultural sustainability (Duhan et al., 2017; Du et al., 2020; Hossain et al, 2020; Baazaoui et al, 2021; Baazaoui and Sghaier-Hammami, 2021; Baazaoui et al., 2023). Nanoparticles (NPs) have positive impacts on plant growth and development and tolerance against biotic and abiotic stresses, by increasing the activities of antioxidants (Emamverdian et al., 2020; Ahmed et al., 2021), and maintaining the efficiency of the photosynthetic apparatus (Soares et al., 2018). Nanotechnology application in agriculture will help to reduce the environmental release of agrochemicals like pesticides, herbicides, and fertilizers (Adisa et al., 2019; Ali et al., 2021). This will not only help in reducing pollution but also help in reducing the input cost of cropping. Five articles focused on providing comprehensive reviews of the role of NPs utilized to tolerate different abiotic stresses in plants.

The work on the nickel-silica nanoparticles by Abdallah et al. provides useful insights into the significance of these NPs on the suppression of bacterial (Xoo) leaf blight (BLB) disease in rice (Oryza sativa L.). The obtained results demonstrate that the saffron (Crocus sativus L.) stigma extracts represent a good candidate to synthesize pure nanocomposite (Ni-SiO2). The in vitro experiments showed that Ni-SiO2 composite inhibits bacterial growth in nutrient broth and hindered biofilm development of Xoo cells in a dose-dependent manner. The research showed that the incubation of Xoo with Ni-SiO2 NPs composite (200 μg/ml) drastically increased the apoptosis of the bacterial cells to 99.61%. The application of Ni-SiO2 NPs composite at a concentration of 200 mg/ml significantly improves plant growth (leaf length and high, shoot and root length, plant fresh and dry weight) and reduces disease severity of BLB in rice.

In the review by Rasheed et al. these authors looked at the use of different metal-based NPs to protect plants against drought stress (DS). The authors resume the different modes of NPs synthesis such the conventional methods (chemical and physical processes) and green synthesis which have an excellent photo-catalytic activity and provides an excellent environmentally friendly option. The study by Rasheed et al. showed that NPs uptake in plants can occur through leaf cuticles, stomata, trichrome, hydathodes, and cell cytoplasm, wounded regions, and root junction. In more, this review provides an overview of the biological functioning of NPs which depends on their concentrations, properties, and methods of application. The role of NPs in drought condition and their beneficial effect on plants has been demonstrated. The NPs have the ability to protect crop plants against DS by enhancing nutrient and water uptake, increase plant growth, improve photosynthetic efficiency, accumulation of osmolytes hormones, and phenolics, antioxidant activities, and gene expression, thus providing better resistance to plants DS.

In the review by Halawani et al. the authors provided an overview of the implementation of Carbon nanoparticles (CNPs) in salinity stress tolerance. By activating plant defense systems via the stimulation of proline metabolism, anthocyanin metabolism, and polyamine metabolism, CNPs can minimize the deleterious impacts of salinity stress in radish sprouts. In more, seed nano-priming boosted the antioxidant capacity by increasing antioxidant metabolites such as (polyphenols, flavonoids, polyamines, anthocyanin, and proline).

The high potential of ZnO nanoparticles as a nano-fungicide against Magnaporthe grisea was described by (Ghamari et al.). The response of fungi to ZnO NPs was evaluated using RNA sequencing (RNA-seq). The authors have observed that ZnO NPs primarily act on the fungal cell membrane and then induce oxidative stress through the production and accumulation of reactive oxygen species. As consequence, the fungal catalytic system is disrupted, resulting into the inhibition of ROS scavenging. Therefore, ROS accumulated inside the cell, the intracellular homeostasis is disrupted, oxidative stress occurred, which damaged macromolecules, eventually leading to fungal cell death.

Among the contributions made to this topic, the original article written by Ayub et al. elucidated the negative impact of NPs in crops, by using cerium oxide nanoparticles (CeO2). CeO2 NPs were toxic for corn growth by altering root barrier formation which could potentially affect plant root anatomy. When applied in combination with Cd, no significant toxicity on corn growth was observed as the 1,000 mg kg-1 dose increased shoot growth. The researchers showed also that the effect on root growth was variable due to the divergent uptake of nutrients, beneficial elements, Ce, and Cd.




Concluding remarks and future perspectives

In summary, the work presented in this Research Topic showed how different types of NPs could be effectively applied to mitigate biotic and abiotic stress in different plants, by improving crop productivity and enhancing photosynthetic machinery and improving antioxidant system. However, for the safe and ethical application of nanotechnology in agriculture, thorough risk assessment and ethical considerations are essential, since NPs could have a toxic effect on plants, leading to their death.





Author contributions

BS-H: Writing – original draft, Writing – review & editing. SBMH: Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

We are grateful to all of the authors for sharing their well-informed research with us.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 Adisa, I. O., Pullagurala, V. L. R., Peralta-Videa, J. R., Dimkpa, C. O., Elmer, W. H., Gardea-Torresdey, J. L., et al. (2019). Recent advances in nano-enabled fertilizers and pesticides: A critical review of mechanisms of action. Environ. Sci. Nano. 7, 2002–2030. doi: 10.1039/c9en00265k

 Ahmed, T., Noman, M., Manzoor, N., Shahid, M., Abdullah, M., Ali, L., et al. (2021). Nanoparticle-based amelioration of drought stress and cadmium toxicity in rice via triggering the stress responsive genetic mechanisms and nutrient acquisition. Ecotoxicol. Environ. Saf. 209, 111829. doi: 10.1016/j.ecoenv.2020.111829

 Ali, M., Afzal, S., Parveen, A., Kamran, M., Javed, M. R., Abbasi, G. H., et al. (2021). Silicon mediated improvement in the growth and ion homeostasis by decreasing Na+ uptake in maize (Zea mays L.) cultivars exposed to salinity stress. Plant Physiol. Biochem. 158, 208−18. doi: 10.1016/J.PLAPHY.2020.10.040

 Baazaoui, N., Sghaier-Hammami, B., Hammami, S. B. M., Khefacha, R., Chaari, S., and Elleuch, L. (2021). A handbook guide to better use of nanoparticles in plants. Commun. Soil Sci. Plant Anal. 52 (4), 287−321. doi: 10.1080/00103624.2020.1836198

 Baazaoui, N., Bellili, K., Messaoud, M., Elleuch, L., Elleuch, R., Labidi, S., et al. (2023). Bio-nano-remediation of olive oil mill wastewater using silicon dioxide nanoparticles for its potential use as biofertilizer for young olive plants. Silicon. 15, 1–17. doi: 10.1007/s12633-023-02585-2

 Baazaoui, N., and Sghaier-Hammami, B. (2021). Green synthesis of nanoparticles from date palm (Phoenix dactylifera L.) (Springer International Publishing). doi: 10.1007/978-3-030-73750-4_3

 Du, L., Zhang, R., Yang, H., Tang, S., Hou, Z., Jing, J., et al. (2020). Synthesis, characteristics and medical applications of plant nanomaterials. Planta 252 (6), 1−16. doi: 10.1007/s00425-020-03509-9

 Duhan, J. S., Kumar, R., Kumar, N., Kaur, P., Nehra, K., and Duhan, S. (2017). Nanotechnology: The new perspective in precision agriculture. Biotechnol. Rep. 15, 11−23. doi: 10.1016/j.btre.2017.03.002

 Emamverdian, A., Ding, Y., Mokhberdoran, F., Xie, Y., Zheng, X., and Wang, Y. (2020). Silicon dioxide nanoparticles improve plant growth by enhancing antioxidant enzyme capacity in bamboo (Pleioblastus pygmaeus) under lead toxicity. Trees - Struct. Funct. 34. doi: 10.1007/s00468-019-01929-z

 Fisher, M. C., Hawkins, N. J., Sanglard, D., and Gurr, S. J. (2018). Worldwide emergence of resistance to antifungal drugs challenges human health and food security. Sci. (New York N.Y.) 360 (6390), 739−42. doi: 10.1126/science.aap7999

 Hossain, Z., Yasmeen, F., and Setsuko, K. (2020). Nanoparticles: Synthesis, morphophysiological effects, and proteomic responses of crop plants. Int. J. Mol. Sci. 21 (9). doi: 10.3390/ijms21093056

 Soares, C., Branco-Neves, S., Sousa, A., de Azenha, M., Cunha, A., Pereira, R., et al. (2018). SiO2 nanomaterial as a tool to improve Hordeum vulgare L. tolerance to nano-NiO stress. Sci. Total Environ. 622−623, 517−25. doi: 10.1016/j.scitotenv.2017.12.002




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Sghaier-Hammami and Hammami. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: New insights in nanotechnology for plant stress management

      

        		

          Concluding remarks and future perspectives

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpls.2023.1319936_cover.jpg
& frontiers | Frontiers in Plant science

Editorial: New insights in nanotechnology
for plant stress management





